








































4HE  CATALYTIC  ACTIVITY  OF  OXIDESUPPORTED  GOLD  NANOPARTICLES 




THE ENHANCED ACTIVITY AT  THE METALOXIDE  INTERFACE  INCLUDING 
THE PRESENCE OF HIGHLY REACTIVE SURFACE GOLD ATOMS AT GROWTH 
STEPS ;= THE EASE OF CHARGE TRANSFER AT THE BOUNDARY ;= AND 
IN  THE CASE OF  REDUCIBLE  SUPPORTS  THE PROVISION OF  ACTIVATED 
OXYGEN THAT CAN BE TRAPPED AT REACTION SITES ;= 7HATEVER THE 
MEANS IT IS EVIDENT THAT INTERACTIONS BETWEEN THE SUPPORT AND 
THE  GOLD  MUST  BE  TAILORED  FOR  PERFORMANCE  ENHANCEMENT 
7HILE POROUS BINARY OXIDES SUCH AS ALUMINA ;= OR ZIRCONIA ;= 
ARE  FREQUENTLY  USED  AS  CATALYTIC  SCAFFOLDS  THE  SEARCH  FOR 
SUPPORTS  WHOSE  PROPERTIES  WILL  AMPLIFY  THE  REACTIVITY  OF 
NANOSIZED GOLD CONTINUES /NE SUCH MATERIAL IS HYDROXYAPATITE 
(!P	  WHOSE  POTENTIAL  AS  A  COMPONENT  OF  ENVIRONMENTALLY 
BENIGN  CATALYSTS  HAS  NOT  BEEN  WIDELY  CONSIDERED  ALTHOUGH 
PHOTOCATALYTIC  MINERALISATION  OF  POLLUTANTS  ;=  AND  OXIDATIVE 
DECOMPOSITION  OF  METHANOL  ;=  HYDROCARBON  ;= 
TRICHLOROBENZENE  AND  CHLOROETHYLENE  ;  =  HAVE  BEEN 
DEMONSTRATED 0ROGRESS IN THIS ½ELD HAS BEEN HAMPERED PARTLY 
BECAUSE  (!P  IS  CRYSTALLOCHEMICALLY  COMPLEX  ;=  AND  ALSO 






$EPOSITIONPRECIPITATION  $0	  IS  A  RELIABLE  METHOD  TO 
PREPARE  OXIDESUPPORTED  GOLD  ;  =  IN  WHICH  THE  KEY 
PARAMETER IS THE ISOELECTRIC POINT )%0	 OF THE SCAFFOLD MATERIAL 




	  (OWEVER  WITH  P(    )%0  THE  TITANIA 





AND  TEMPERATURE  PROCESSING  STEPS  ½LTRATION  WASHING  AND 
DRYING STEPS	 AND CALCINATION TEMPERATURE ;= 3ELECTION OF 
THE  ALKALINE  SOLUTION  PROVES  ESPECIALLY  CRITICAL  IN  CONTROLLING 
THE YIELD DISPERSION AND SIZE OF GOLD CRYSTALS &OR EXAMPLE 
:ANELLA ET AL ;= FOUND THAT DURING $0 IN .A/( THE GOLD WAS 
PARTIALLY  REDUCED  TO  METAL  AFTER  DRYING  AT  #  BUT  A 
COMPARABLE  EXPERIMENT  IN  UREA  DELAYED  METALLIZATION  TO 
CALCINATION TEMPERATURES #










HOLDER  ×  CM	  WITH  INTENSITY  COLLECTED  BY  STEP  SCANNING 
OVER THE θ RANGE  TO  IN INCREMENTS OF  AND A 
DWELL  TIME  OF    S  2IETVELD  ANALYSIS  AS  IMPLEMENTED  IN 
4/0!3 ; = WAS USED FOR QUANTITATIVE PHASE DETERMINATION 
WITH  HYDROXY¾UORAPATITE  ;=  AND  GOLD  ;=  EMPLOYED  AS 
CRYSTALLOGRAPHIC  MODELS  IN  A  SIMULATION  THAT  INCLUDED  A 








STUB  FOLLOWED  BY  GOLD  COATING  USING  A  LOW  ENERGY  PLASMA 




DETERMINE  SURFACE  AREA  AND  POROSITY  -ICROMERITICS  !3!0 
	 VIA THE "RUNAUER%MMETT4ELLER "%4	 METHOD ! MIXED 
GAS  OF  NITROGEN  AND  HELIUM  WAS  ALLOWED  TO  ¾OW  THROUGH 
THE  ANALYZER  AT  A  CONSTANT  RATE  OF    CCMIN  .ITROGEN 





#ATALYTIC  OXIDATION  OF  #/  WAS  CONDUCTED  IN  A  ½XEDBED 
MICROREACTOR USING A CATALYST CHARGE OF MG 0RIOR TO TESTING 





'#	  3HIMADZU"	  EQUIPPED  WITH  THERMAL  CONDUCTIVITY 
4#$	 AND ¾AME IONIZATION &)$	 DETECTORS #ATALYST DURABILITY 
WAS ESTABLISHED BY ½XING THE TEMPERATURE OF THE REACTOR AT 





(!P  AS  DETERMINED  BY  POWDER  8RAY  DIFFRACTION  &IGURE  	 
WITH THE AVERAGE CRYSTALLITE SIZE INCREASING FROM  TO  NM 





















(!P  WAS  SYNTHESIZED  BY  MIXING    G  CALCIUM  NITRATE 
#A./	    -ERCK	  AND    G  .(	(0/   
!LDRICH	  IN    ML  .(/(  -ERCK	  AND    ML  DOUBLY 
DEIONIZED WATER 4HE SUSPENSION WAS HEATED TO # WITH 
MAGNETIC  STIRRING  FOR  MIN AFTER WHICH  THE  TEMPERATURE 
WAS RAISED TO # AND STIRRING CONTINUED FOR  MIN 4HE 
PRECIPITATED (!P WAS SEPARATED USING VACUUM ½LTRATION AND 
WASHED  SEVERAL  TIMES  PRIOR  TO  OVEN  DRYING  OVERNIGHT  AT 
#  #RYSTALLIZATION  WAS  PROMOTED  BY  DEWATERING  AT 
#  WITH  A  HEATING  RATE  OF  #  MIN	  FOR    MIN 
FOLLOWED BY SOAKING AT # FOR  HR WITH A HEATING RATE 
OF # MIN











3IGMA!LDRICH	  DROPWISE  TO    ML  OF    M-  (!U#L 
(!U#L(/  !LFA  !ESAR	  UNTIL  THE  P(  STABILIZED  AT 
PREDETERMINED VALUES RANGING FROM  TO  (!P  G	 WAS 
DISPERSED  IN  THE  SOLUTION  WHICH  WAS  AGED  AT  #  WITH 
VIGOROUS  STIRRING  FOR    MIN  AFTER  WHICH  THE  GOLD  LOADED 
CATALYSTS WERE COLLECTED BY ½LTRATION AND WASHED REPEATEDLY 
WITH DEIONIZED WATER  TO  REMOVE CHLORIDE 4HE POWDER WAS 
OVEN  DRIED  OVERNIGHT  AT  #  PRIOR  TO  AIR  CALCINATION  AT 
# # MIN	 FOR H
-ATERIALS CHARACTERIZATION
4HE  CRYSTALLOGRAPHIC  PARAMETERS  AND  PHASE  CONTENT  OF  THE 
(!P  SUPPORT  AND  GOLD  LOADED  CATALYSTS  WERE  DETERMINED 
'OLD "ULLETIN    
CERAMIC  FOAM  AND  ½RING  AT  #  DID  NOT  PERCEPTIBLY 
















  3AMPLE  "%4  0ORE SIZE  (!P   
    SURFACE AREA  NM	  CRYSTAL SIZE

    M G	    NM	
  $RIED (!P      
  #ALCINED (!P      



































CALCINATION  THE  POWDER  AND  FOAM  GAVE  TYPE  ))  ISOTHERMS 
&IGURE B	 AS THE MESOPORES COLLAPSED LEADING TO UNRESTRICTED 
MONOLAYERMULTILAYER  ADSORPTION  ;=  4HIS  CON½RMS 
THAT  WHILE  THE  CERAMIC  FOAM  IS  MACROPOROUS  ITS  PORE 
WALLS  ARE  COMPOSED  OF  DENSE  (!P  PARTICLES  RATHER  THAN 
MESOPOROUS MATERIAL
%FFECT OF (!P SUPPORT ON #/ OXIDATION




MATERIAL  ACHIEVING    #/  CONVERSION  AT  #  A 
TEMPERATURE  #  LOWER  THAN  THE  ANALOGOUS  CALCINED 
POWDER &IGURE 	 !S THE APATITE FOAM WITHOUT GOLD WAS NOT 











PRESENT  INVESTIGATION  WHERE  THE  SIZE  OF  THE  GOLD  CRYSTALS 
DECORATING  (!P  REMAINED  CONSTANT  AFTER  CALCINATION  TO 
# (OWEVER THE MECHANISM OF #/ CONVERSION MUST BE 
DISTINCT DUE TO THE DIFFERENT CHEMISTRY CRYSTAL STRUCTURE AND 
OXYGEN  TRANSFERENCE  EF½CIENCY  OF  APATITE  !S  (!P  IS  BOTH 
  (!P  P(  !GING TIME  !U LOADING  !U CRYSTAL SIZE
      MIN	    NM	

  0OWDER        
  &OAM        
  &OAM        
  &OAM        
  &OAM        
  &OAM        
  &OAM        
































































































Au-powder HAp, pH8, 60 min, 0.1% Au (14 nm)



























DOMINANT  &IGURE  	  AND  PROVIDES  HIGHER  SELECTIVITY  AND 
TURNOVER  FREQUENCY  4/&	  ;  =  COMPARED  TO  FACETED  OR 
MULTIPLYTWINNED PARTICLES -40S	
1UANTITATIVE  8RAY  DIFFRACTION  CLEARLY  SHOWS  THE  P( 
DEPENDENCE OF GOLD LOADING AND CRYSTALLINITY 4ABLE  &IGURE 
	 &ROM P(  THE GOLD LOADING INCREASES BY MORE THAN AN 
ORDER  OF  MAGNITUDE  BUT  DECLINES  AT  HIGHER  P(  4HE  GOLD 














ANALOGUES  A  SYSTEMATIC  STUDY  OF  CRYSTALLOCHEMICAL  VARIANTS 















EXTENT  !T  P(    AND    THE  CONCENTRATION  OF  ;!U#LX/(	X=
 
INCREASES AS DOES THE NUCLEATION AND GROWTH OF GOLD !T P( 

























2θ = 38.2°, Au (111)




















pH6, 60 min, 1.5% Au (8 nm)
pH8, 60 min, 4.8% Au (8 nm)
pH9, 60 min, 2.4% Au (5 nm)
pH12, 60 min, 0.8% Au (6 nm)
'OLD "ULLETIN    
)N  ADDITION  THE  LARGE  GOLD  CLUSTERS  THAT  APPEAR  AT  P(   

















4HE  DURABILITY  AND  STABILITY  OF  !ULOADED  (!P  AT  P(   WAS 
TESTED BY MAINTAINING THE TEMPERATURE OF THE REACTOR AT # 
FOR    H  &IGURE  	  4HE  #/  OXIDATION  ACTIVITY  REMAINS 
CONSTANT AS  A  FUNCTION OF  REACTION  TIME UNLIKE METAL OXIDE 










#ATALYSTS  COMPOSED  OF  HIGHLY  DISPERSED  GOLD  NANOCRYSTALS 
ON  A  MACROPOROUS  (!P  FOAM  WERE  PREPARED  USING  A  $0 
METHOD FROM A .A/( BUFFERED SOLUTION OF GOLD CHLORIDE 4HE 
PHASE  PURE  (!P  WAS  SYNTHESIZED  AS  CALCINED  POWDER  AND 
CERAMIC FOAM WITH CRYSTAL SIZES OF  AND  NM RESPECTIVELY 
!LTHOUGH  THE  SURFACE  AREAS  WERE  EQUIVALENT  THE  FOAM 
FAVOURED THE DEPOSITION OF ANHEDRAL GOLD CRYSTALS OF SMALLER 
SIZE  AND  HIGHER  DISPERSION  TO  CREATE  EFFECTIVE  CATALYSTS 
4HE  P(  OF  THE  (!U#L  SOLUTION  CONTROLS  THE  SPECIATION  OF 
!U#LX/(	X ANIONS WHICH ATTENUATES THE RATES OF DEPOSITION 
SUCH  THAT  SMALLER  CRYSTALS      NM	  AND  HOMOGENEOUS 
DISTRIBUTIONS  WERE  OBTAINED  FROM  P(    NEAR  THE  )%0  OF 
(!P ,ONGER REACTION TIMES RESULTED IN LARGER CRYSTAL SIZES AND 
COLLOIDAL GOLD CLUSTERS SEPARATED FROM THE (!P &OR SAMPLES 
PREPARED  AT  P(    WITH  AN  AGING  TIME  OF    MIN   
CONVERSION  OF  #/  TO  #/  AT  THE  LOW  REACTION  TEMPERATURE 
#  WAS  ACHIEVED  /VER  A  TEST  PERIOD  OF    H  AND 
A REACTION TEMPERATURE OF # THE CATALYST SHOWED STRUCTURAL 



















pH8, 60 min, 4.8% Au (8 nm)
pH8, 10 min, 3.1% Au (8 nm)
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